INTERPRETATION
Research to improve HRQoL in LMICs is required and should address all aspects of HRQoL. Future research is recommended to incorporate multi-respondent assessment, utilize both general and CP-specific measures of HRQoL, and delineate adolescents as a unique cohort.
Cerebral palsy (CP) refers to a group of disorders affecting a person's ability to move and is caused by damage to the developing brain either during pregnancy or shortly after birth. 1 CP is the major cause of childhood disability. 2 The precise burden of CP in low-and middle-income countries (LMICs) is unknown, however, it is estimated to be 5 to 10 times higher than in high-income countries (HICs). 3 The majority of people with CP live with associated impairments, half with chronic pain and/or intellectual disability, and over one-third are unable to walk, 4 although these proportions could be significantly higher in LMICs. 5 As a lifelong condition, CP causes impairment which, in contexts where disability is viewed as non-normative and 'able-bodied' individuals are favoured, has great potential to affect physical, psychological, cognitive, and social functioning. 4 Throughout the past two decades ideological changes and developments in disability rights have led to improved recognition and understanding of the multilayered factors that enhance and diminish the lives of people with disability. 6 People with a disability and their allies have agitated for focus to shift beyond measures of impairment and towards more holistic concepts of well-being such as health-related quality of life (HRQoL). HRQoL is a subjective, multidimensional concept for measuring the physical, psychological, social, and sexual well-being of a group of people in relation to health. 7 HRQoL is an important measure for children and adolescents with CP and numerous studies on the topic have been conducted within HICs. 8 Encouragingly, comparably good outcomes between children and adolescents with CP and their peers without disability have been reported. 9, 10 It is likely that the HRQoL of children and adolescents with CP from LMICs would be different to those from HICs, however this is yet to be investigated thoroughly. 8 Globally, 85% of children with a disability live in LMICs; however, less than 5% have access to basic rehabilitative and support services. 11 Further, it is well documented that people with a disability are disproportionately subject to discrimination, neglect, and abuse including sexual abuse. 6 Arguably, those in LMICs face additional challenges when the complex interplay between disability and culture is exacerbated by poverty. For example, unavailability or inaccessibility of medical services can lead to unmanaged comorbidities including pain and epilepsy; limited knowledge and access to information on CP such as feeding strategies compounded by poor food insecurity may result in malnutrition and increased morbidity. 12, 13 In some contexts stigma and negative beliefs about disability can leave people with a disability ostracized, excluded from education, and at risk of dangerous attempts to 'cure' CP. 12, 14 Understanding HRQoL of children and adolescents with CP from LMICs is essential to support the development of well-planned, coordinated service systems that address underlying factors impacting well-being and reduce inequality in the lives of people with disability. The purpose of this systematic review is to examine what is known about the HRQoL of children and adolescents with CP from LMICs and provide recommendations for further research. If available, thesaurus terms specific to each database were used in conjunction with relevant text word terms. Search terms including 'cerebral palsy' and 'CP' were combined with 'quality of life' and terms representing or measuring aspects of quality of life including 'depression', 'anxiety', 'mental health', 'sexuality', 'interpersonal relations', and 'Psychiatric Status Rating Scales'. The search was then limited to children aged 0 to 18 years using a combination of database limits where available, as well as thesaurus or text word terms to represent infants, children, and adolescents. Truncation was used where necessary to ensure variant term suffixes were included. No date or language limits were used. The Ovid MEDLINE search strategy is in Appendix S1.
METHOD
In addition to bibliographic database searches, grey literature was searched via Google Scholar and websites of key organizations. To further identify studies meeting inclusion criteria, we manually checked the reference lists of articles included in the full-text review. Finally, we contacted experts in the field to identify any additional studies or information.
Study selection criteria
Eligible studies were original research published in peerreviewed journals with English translation available; reported on children and/or adolescents with CP (≤18y); and were conducted in LMICs. LMIC status was determined according to World Bank Country and Lending Groups criteria as those with gross national income per capita of USD $12 475 or below in 2015 and included low, lower-middle and upper-middle income countries. 15 Studies focused on individual determinants of HRQoL in isolation or that did not report HRQoL outcomes were excluded. Other exclusion criteria included participant age exceeding 18 years or not being specified; non-original research papers, case studies, and narrative systematic reviews; studies conducted in HIC locations within LMICs (e.g. Hong Kong and Taiwan in China); 15 and duplicated results on studies already included.
Data extraction and quality appraisal
Two reviewers independently screened the studies by title and abstract for eligibility. Studies with ongoing uncertainty regarding eligibility then received full-text review by authors and decision regarding eligibility was resolved by discussion. Identified studies were retrieved in full-text and data extracted including study aim, location of study, time frame of study, participant inclusion and exclusion criteria, methodological quality assessment, participants, outcomes, and results.
We complied with PRISMA guidance, including the 27-item checklist, on the conduct of systematic reviews. The quality of studies was assessed according to study design, data collection method, selection bias, and confounders. Risk of bias was assessed using the Newcastle-Ottawa Scale for nonrandomized studies, to assess the quality of observational studies for design, content, and ease of extraction for quality assessments 16 (see Appendix S2).
Data analysis
HRQoL outcomes were collated according to measure of HRQoL (i.e. HRQoL instrument) and reported as mean total HRQoL and/or subdimensions scores according to cases, controls with disability excluding CP, and controls without disability. Large and unreliable standard deviation (SD) scores, methodological flaws in study designs, and theoretical considerations limited pooling data between instrument types and prevented statistical analysis including calculation of standardized mean difference. In
What this paper adds
• Children with cerebral palsy from low-and middle-income countries are at high risk of poor health-related quality of life (HRQoL).
• Physical well-being was poorest dimension of HRQoL and associated with impaired motor function.
instances where no controls were available, comparable data from HICs was included in analysis. Lifestyle Assessment Questionnaire Cerebral Palsy (LAQ-CP) scores were inverted for consistency with other instruments (higher scores reflect better HRQoL; range 0-100). In instances where authors reported HRQoL scores according to multiple CP groups (i.e. according to body mass index, school attendance, intervention) scores were weighted to produce an overall study score by dividing group sample size by total number of participants. Overall study scores were weighted and combined to give overall weighted score for cases, controls with disability excluding CP, and controls without disability for each instrument.
Data was checked for normality using the Shapiro-Wilk test and visual inspection of residual plots. Independent ttests determined difference in mean score for cases and controls with disability excluding CP; and cases and controls without disability. Factors associated with or predictive of HRQoL (i.e. participant characteristics) were collated according to statistical test and by instrument.
RESULTS
Sixteen original peer-reviewed papers were included in this systematic review. Initially, 22 524 papers were identified through database searches and other sources; 31 remained after removal of duplicates and screening for topic relevance, age, and study location. The remaining 31 were reviewed in full and a further 15 removed because of not reporting HRQoL outcomes or reporting only on a singular determinant of HRQoL, not having a version translated into English available, or reporting results duplicated in an included study. The PRISMA flow diagram for search and screening results are shown in Figure 1 .
The 16 included studies [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] (Table I) reported on HRQoL of children and/or adolescents with CP and totaled 1579 participants (i.e. children and adolescents with CP; not inclusive of controls). Studies were conducted in eight countries: Turkey (n=7), [17] [18] [19] [20] [21] [22] 27 India (n=2), 30, 31 Thailand (n=2), 23, 24 Brazil (n=1), 28 China (n=1), 25 Indonesia (n=1), 26 Iran (n=1), 29 and Malaysia (n=1). 32 Of the studies, there were two cross-sectional, 17, 26 two casecontrol, 21, 22 one prospective descriptive study, 32 and four validation studies. 24, 25, 27, 28 The remaining studies did not specify, however they met criteria for cross-sectional (n=5) 19, 23, [29] [30] [31] and case-control (n=2). 18, 20 All studies described methods of convenience sampling.
Five studies [18] [19] [20] 22, 24 were inclusive of children and adolescents and the remainder focused only on children. Participants were aged 2 to 18 years. All studies were inclusive of females (n=734; 44% including Elbasan et al. 17 controls) and males (n=941; 56% including Elbasan et al. 17 controls). No intersex or transgender participants were identified. 
Review
Fourteen studies 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] used inclusion/exclusion criteria in addition to age and CP diagnosis. The most common calls for exclusion was presence of other neurological conditions or intellectual disability (n=5); 17, 19, 20, 22, 27 presence of another disability, chronic illness or condition not typically associated with CP (n=5); 17, 23, 25, 26, [28] [29] [30] [31] and previous surgical intervention or botulinum neurotoxin A injections (n=5). 21, 23, 24, 26, 27 Other exclusions included seizures, communication, hearing or vision impairments (n=3); 17, 22, 23 inability to read or write (n=2); 22, 27 sibling with a disability (n=2); 30, 31 and parent with cognitive impairment (n=1). 20 
Measures of HRQoL
Four instruments were used across the included studies to measure HRQoL including Child Health Questionnaire (CHQ) Parent Form 50 (n=5); [17] [18] [19] [20] [21] Paediatric Quality of Life Inventory (PedsQL) 3.0 and 4.0 (n=4); [22] [23] [24] [25] Cerebral Palsy Quality of Life Questionnaire for Children (CP QoL-Child; n=4); [26] [27] [28] [29] and LAQ-CP (n=3). [30] [31] [32] Instrument details are provided in Table II .
Thirteen studies [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] used instruments that had been translated and validated for their country of context. One 30 used an instrument that had been translated but not yet validated and two 31, 32 did not specify. Studies favoured single instrument design; nine [17] [18] [19] [20] [21] [22] [23] [24] [25] used HRQoL instruments for generic populations and eight 24, [26] [27] [28] [29] [30] [31] [32] used CP-specific instruments.
HRQoL outcomes by instrument CHQ Parent Form 50
Five studies [17] [18] [19] [20] [21] reported comparable data using CHQ among children and adolescents with CP. All data was reported via proxies. Two subdimensions 'global behaviour emotional' and 'general global health' were reported by only one study and excluded from our analysis. As shown in Table III , 'physical functioning' was the most severely compromised dimension of CHQ when mean case scores from all CHQ studies were weighted and combined.
When compared to peers with disability excluding CP (n=3) 17, 18, 20 and/or peers without disability (n=2) 17, 21 those with CP reported poorer well-being. Mean difference was 6.9 to 53.4 (p<0.001) higher for controls without disability and 0.4 to 13.8 (p<0.003) higher for controls with other disabilities with exception of 'general health' whereby those with CP had better well-being.
Three studies analysed factors associated with CHQ. [19] [20] [21] Poor motor function associated with poorer scores in 'selfesteem' (p=0.022), 20 'parental emotional impact' (p=0.005), 20 'physical functioning' (p<0.001), 21 'role of the physical' (p<0.05), 21 and 'role of emotional behaviour' (p<0.05). 21 Low body mass index correlated with poorer 'physical function' (p=0.001), 19 'role of emotional behaviour' (p=0.007), 19 'role of the physical' (p=0.005), 19 'selfesteem' (p=0.016), 19 and 'bodily pain' (p=0.003), 19 although another study 20 found no association between body mass index and CHQ (p>0.05). Impaired communication ability associated with poorer 'physical functioning' (p=0.049), 20 'role of emotional behaviour' (p=0.021), 20 and 'self-esteem' (p=0.01). 20 Younger age was associated with poorer 'general behaviour' (p=0.027) 20 and 'mental health' (p=0.008). 20 Lower family income was associated with poorer 'bodily pain' (p=0.032) 20 and mothers' lower education level was associated with poorer 'parental time impact' (p=0.047). 20 Hearing impairment and vision problems did not impact scores although presence of speech, attention, and learning problems and developmental delay/intellectual disability associated with poorer 'physical functioning', 'role of the physical', 'behaviour', and 'general health' (p<0.01). 21 Epilepsy associated with poorer 'general health' (p<0.05). 21 
PedsQL
Four studies used the PedsQL 4.0 generic scale to measure HRQoL via either proxy-reports 22, 23 or both self-and proxy-reports, 24, 25 and two studies 24, 25 used PedsQL 3.0 CP module. As shown in Table IV 'physical health summary score' was the most severely impacted component of 4.0 generic scale. Poorest outcomes for 3.0 CP module were 'daily activities', 'school activities', and 'movement and balance'.
The PedsQL 4.0 generic scale found significantly poorer well-being amongst those with CP when compared to peers without disability. 22, 25 Mean difference in self-report was 20.1 to 29.9 (p<0.001), higher for controls than cases. Mean difference in proxy-reported data was 17.3 to 39.7 (p<0.001), higher for controls than cases. No comparison to controls with disability excluding CP was conducted in this instrument group.
Two studies examined the relationship between participant characteristics and PedsQL. 22, 23 Poorer motor function correlated with poorer PedsQL 4.0 'total score' (p<0.019, 22 p<0.001) 23 and 'physical well-being' (p<0.001,
22
p<0.001). 23 Poorer 'total score' correlated to poorer selfconcept and incontinence (p=0.005, p=0.014). 22 Incontinence was predictive of PedsQL 4.0 'total score' (b=0.287, p=0.002) and self-concept was predictive of 'psychosocial well-being' (b=0.361, p=0.024). 22 Motor function was predictive of 'physical well-being' (b=0.489, p=0.001).
22 Age, sex, child and parent education level, associated impairments, pain, and features of the living area were not significantly associated to PedsQL (p>0.05).
CP QoL-Child CP QoL-Child was used in four studies [26] [27] [28] [29] all of which used proxy-report and two of which used both self-and proxy-report. 27 ,29 Presumido Braccialli et al. 28 reported median scores and their study is not included in this analysis, nor is self-reported data from Soleimani et al. 29 As shown in Table V , 'pain and impact on disability' was the subdimension with the poorest scores across all studies.
CP QoL-Child is a CP condition-specific tool and no controls were included in the studies so we conducted analysis to CP QoL-Child data from Australia where the tool was originally developed. The Australian sample reported similar age and sex distributions as the included studies. 33 Difference in mean score was 5.2 to 11.7 (p<0.001 except 'feelings about functioning' and 'family health'). LMIC scores were higher than HIC on three instrument dimensions 'feelings about functioning', 'participation and physical health', 'pain and impact on disability' and equivalent for 'family health' in proxy-report and higher for most dimensions in self-reported scores.
Two CP QoL-Child studies explored score relationships to personal characteristics. Those attending school had statistically higher 'functioning', 'participation and physical health', and 'emotional well-being' (p<0.05). 28 Sex was not significantly associated with CP QoL-Child (p<0.05). 28 Higher scores in access to services' positively correlated to caregiver age (p<0.05). 29 Motor function (Gross Motor Function Classification System) moderately positively correlated with all CP QoL-Child dimensions (p<0.05) except 'pain and impact of disability' (p>0.05), as did the manual ability classification with the exception of 'access to services' and 'pain and impact of disability' (p>0.05). 29 
LAQ-CP
Three studies reported mean LAQ-CP scores, via proxyreporters, although only two reported dimension scores. [30] [31] [32] As shown in Table VI 'mobility' and 'physical independence' were the most severely impacted dimensions of LAQ-CP.
LAQ-CP is a CP condition-specific tool and no controls were included in the studies so we conducted analysis to LAQ-CP data from England where the tool was originally developed. The individual scores in LAQ-CP were lower amongst cases than comparative data from England with exception of 'schooling', and overall mean difference (0.5-39.4) was significant for all dimensions (p<0.001).
Studies explored the relationship between motor function, impairments, sex, age, education level, and LAQ-CP. Poor motor function was associated with poorer LAQ-CP (p<0.001) and those with quadriplegic CP were more likely to have poorer LAQ-CP scores. 30 Presence of impairments associated with CP including seizures, 30 ,31 visual problems, cognitive deficits, feeding problems, 30 deformities, and behavioural disorders 31 were associated with poorer LAQ-CP. Males with CP had poorer LAQ-CP than females (p=0.01) 30 although two other studies reported non-significant relationships (p>0.05). 31, 32 Similarly, relationship to age and parent education level was non-significant (p>0.05).
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DISCUSSION
Our systematic review found that children and adolescents with CP from LMICs had poor HRQoL. Dimensions related to physical well-being were most severely impacted including 'physical functioning', 'physical health', 'pain and impact on disability', and 'mobility' using CHQ Parent Form 50, PedsQL, CP QoL-Child, and LAQ-CP respectively. Physical well-being is an important area of focus for interventions designed to improve HRQoL, although we recommend interventions that consider all dimensions due to the globally poor outcomes reported by our included studies. 35 When compared to peers without CP, children and adolescents with CP from LMICs had significantly poorer HRQoL, although discordance may be understated. A limitation of the included studies is that the majority of participants were accessed through rehabilitation and health services and may overstate well-being compared to those who lack service access, as is common in LMICs. 11, 36 Additionally, five of the 16 studies excluded children with intellectual disability and may be a source of bias in results, although it is unclear how intellectual disability in LMICs interacts with HRQoL.
Our findings contrast with some but not all research from HICs. Two large European studies reported equivocal outcomes on all HRQoL dimensions, using the generic population instrument KIDSCREEN, with the exception of 'schooling' and 'social support and peers'. 9,10 Whereas when using CHQ, an American study found adolescents with CP had statistically poorer outcomes in four dimensions: 'bodily pain', 'general global health', 'physical functioning', and 'impact on parents'. 37 Similarly, another American study using PedsQL found that those with CP had worse HRQoL than children without CP on all dimensions. 38 When compared to children with CP from HICs, our LMIC samples reported poorer HRQoL on most instrument dimensions. This is to be expected because of the infrastructure within HIC settings. 39 Surprisingly LAQ-CP 'schooling' was better in LMIC than HIC, however this can be accounted for by homogeneity of non-school attendance amongst the LMIC samples. 31 Similarly, LMIC scores for half the CP QoL-Child dimensions were higher in LMICs, indicating the need for research in this area.
Studies in this review assessed relationships between HRQoL and participant characteristics including age, sex, socio-economic status, impairments associated with CP, motor function, pain, body mass index, school attendance, financial resources, and access to services. Poor motor function correlated strongly to poorer outcomes in physical well-being dimensions, [21] [22] [23] [29] [30] [31] although our ability to draw conclusions on other characteristics is limited because of conflicting findings or because it was being explored by only one study each.
There are numerous complexities to studying HRQoL in LMICs and our systematic review has several limitations. Firstly, the number of studies included in this review is small. HRQoL is an emerging field of research and numerous LMICs lacked representation in our findings. In particular, we identified a dearth of HRQoL research from low-income countries. Future research may address this gap. Furthermore, our search strategy was limited to papers with English translation and may have excluded studies on this basis.
Secondly, because of the subjective nature of HRQoL, discordance between self-and proxy-reporting is common. 40 Our studies overwhelmingly favoured only proxyreporting (n=12) although both perspectives are necessary to gain in-depth understanding of HRQoL and account for different frames of reference, reasoning, and interpretation of questions. 40 A possible justification for reliance on proxy-reporting in our included studies may be high rates 
HRQoL, health-related quality of life; CP, cerebral palsy.
Reviewof severe cognitive or communication impairments in LMICs. 3 Methods to support self-reporting by children with CP in LMICs will be necessary to strengthen this field of research.
Third, included studies did not delineate between children and adolescents. Amongst many cultures adolescence is a pivotal period of physical, emotional, social, and sexual development and a general decline in HRQoL is common. 41 For those with CP, adolescence can have unique challenges. Increased pain, social isolation, and psychological problems are common and factors associated with sexual development may impact HRQoL. 9, 42 Future research is recommended to delineate the HRQoL of adolescents as a unique cohort and include exploration of sexual wellbeing.
Fourth, instruments used to measure HRQoL are of critical importance. Our studies favoured single instruments translated and validated for their LMIC context. As a subset of 'quality of life' research, HRQoL has historically attracted criticism for lacking an agreed theoretical basis. 43 Early conceptualizations used objective measures of functionality and health as proxies for HRQoL and failed to reflect the concerns of their respondents. 43 Recently developed instruments have captured a more complete picture of HRQoL, although the majority have been developed in HICs and are likely to be culturally bound to their country of origin. 44, 45 We believe that improved understanding of the cross-cultural applicability of HRQoL instruments for LMIC contexts will strengthen research in this area and improve disability service planning and infrastructure development.
Two studies utilized both general population and CPspecific instruments although the majority favoured single measures of HRQoL. Condition-specific instruments are arguably more sensitive to factors impacting those with CP, 35 although can limit general population comparison. Furthermore, instruments have individual focuses and approaches, notably CP QoL-Child focuses on how children feel about their well-being whereas CHQ and PedsQL focus on areas of limitation and problem. Utilization of both generic population and condition-specific measures is recommended. This review focused specifically on studies that provided understanding of the HRQoL of children and adolescents with CP from LMICs. No intervention studies met our inclusion criteria; however, as the HRQoL of children and adolescents with CP is seen to be significantly poorer than that of their peers, methods for improving HRQoL within the context of LMICs are required. Culturally relevant services, led by people with disability, need to be targeted in LMICs to alleviate poor well-being and reduce inequality.
CONCLUSION
This systematic review offers an in-depth understanding of the HRQoL of children and adolescents with CP from LMICs. Overall, children and adolescents with CP had Higher score indicates better physical or psychosocial well-being (range 0-100). CP QoL-Child, Cerebral Palsy Quality of Life Questionnaire for Children.
poorer HRQoL than their peers without CP. Physical well-being was the most severely impacted aspect of HRQoL and was strongly correlated to motor functioning. HRQoL is an emerging area of research within the context of LMICs and studies in this area have pioneered important knowledge to aid improvements in the lives of people with disability and reduce inequality; however, numerous gaps are present in the published literature. To gain more insight into the HRQoL of children and adolescents with CP from LMICs, future research in this area is recommended to pay careful attention to study design. Representative samples; multi-respondent assessment of HRQoL; utilization of both general population and CP-specific tools for measuring HRQoL; and conduct of analysis by age group to delineate the HRQoL of adolescents as a unique cohort are recommended. Higher score indicates better physical or psychosocial well-being (range 0-100). LAQ-CP, Life Assessment Questionnaire Cerebral Palsy.
